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oxocrinamine as short-bladed prisms, m.p . 165-167°, 
[«]24689 + 203°, [a] 24

435 +640° (c 0.56, ethanol). This 
compound depressed the melting point of oxohaemanthamine 
(m.p. 164-165°) nearly 20°. Oxocrinamine showed a band 
at 1748 c m . - 1 (CHCl3) in the infrared and had an ultraviolet 
spectrum identical with that of oxohaemanthamine. 

Catalytic Hydrogenation-Hydrogenolysis of Diacetyl-
haemanthidine.—A solution of 424 mg. of diacetylhaemanth-
idine2'31 in 60 ml. of absolute ethanol was added to a sus­
pension of 100 mg. of platinum oxide and 200 mg. of palla-
dium-on-charcoal which had been equilibrated with hydro­
gen. The solution absorbed 1 mole of hydrogen at 28° in 
30 minutes and absorption ceased. The temperature was 
raised to reflux the ethanol, and the solution absorbed an­
other 23 ml. of hydrogen over a 2-hour period. The mixture 
was cooled and filtered. The solvent was removed under 
reduced pressure to yield 400 mg. of an oil. The residue 
was warmed with 10% sodium hydroxide for 4 hours, ex­
tracted with chloroform and dried over sodium sulfate. 
The chloroform was removed under reduced pressure to 
yield 350 mg. of a viscous oil which was dissolved in chloro­
form and chromatographed over alumina. Elution with 
1% ethanol in chloroform produced 13 mg. (3.5%) of crys­
tals which were sublimed at 150° (10 n) to afford dihydro­

haemanthamine, m.p. 228-230°, M26S89 + 7 8 ± 2° (c 0.25, 
chloroform). The melting point of a mixture with authentic 
dihydrohaemanthamine prepared from haemanthamine was 
not depressed. The infrared absorption spectra (KBr) of 
the two materials were identical. 

Further elution with 10% ethanol in chloroform yielded 
250 mg. of dihydrohaemanthidine, identical in all respects 
with authentic material. 

Many conditions were employed without success in an 
effort to improve the yield of dihydrohaemanthamine. In 
one case a 5% yield of dihydrohaemanthamine was obtained 
by conducting the reduction in hot glacial acetic acid with a 
small amount of perchloric acid in the presence of palladium-
on-charcoal alone. The yield of dihydrohaemanthamine was 
so low in all of these reactions that it was felt necessary to 
ascertain that the haemanthidine used in the reactions con­
tained no haemanthamine. To this end a 300-mg. mixture 
of 5 % haemanthamine in haemanthidine was chromato­
graphed over alumina and easily separated into its compo­
nents with chloroform and 10% ethanol-chloroform, re­
spectively. Haemanthidine purified in this manner was 
used in subsequent hydrogenations without affecting the 
results. 
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The subject nucleoside was prepared by a fifteen-step synthesis from N-anisylidene-D-glucosamine. 

Analogs of the aminonucleoside2 I derived from 
the antibiotic puromycin are of interest because of 
the antitumor3 and trypanocidal4 properties exhib­
ited by I in experimental animals. Previous re­
ports from this Laboratory have described the prep­
aration of various analogs of I containing variations 
in the aminosugar moiety. These have included 
the 9-/3 3-aminoarabinofuranosyl,6 3-aminoxylo-
furanosyl,6 5-aminoribofuranosyl7 and 2-aminori-
bofuranosyl8 derivatives of 6-dimethylaminopu-
rine. In this paper we wish to report the synthesis 
of another such analog, 9-(2-amino-2-deoxy-/3-D-
allopyranosyl)-6-dimethylaminopurine (II).9 

In principle, it was anticipated that the synthesis 
of a 2-aminoalloside could be achieved conveniently 
from a 2-aminoglucosyl nucleoside by inversion of 
the hydroxy group at C-3. Nucleosides containing 
the 2-aminoglucosyl sugar have been reported,10 

(1) Stanford Research Institute, Menlo Park, Calif. 
(2) B. R. Baker, J. P. Joseph and J. H. Williams, T H I S JOURNAL, 77 

1 (1955). 
(3) P. L. Bennett, S. L. Halliday, J. J. Oleson and J. H. Williams, 

"Antibiotics Annual 1954-1955," Medical Encyclopedia, Inc., New 
York, N. Y., 1954, pp. 766-769. 

(4) R. I. Hewitt, A. R. Gumble, W. S, Wallace and J. H. Williams, 
Antibiotics and Chemotherapy, 4, 1222 (1954). 

(5) B, R. Baker and R. E. Schaub, T H I S JOURNAL, 77. 5900 (1955). 
(6) R. E. Schaub, M. J. Weiss and B. R. Baker, ibid., 80, 4692 

(1958). 
(7) H. M. Kissman and B. R. Baker, Abstracts of Papers, 130th 

Meeting of the A.C.S., Atlantic City, N. J., September, 1956, p. 19D; 
paper in preparation 

(8) F. J. McEvoy, B. R. Baker and M. J. Weiss, T H I S JOURNAL, 82, 
209 (1960). 

(9) The synthesis of 9-(3-arnino-2-deoxy-/?-D-allopyranosyl)-G-
dimethylaminopurine will be reported at a later date (R. E. Schaub 
and M. J. Weiss). 

HOCH, 

N(Me) 

HOCH2 

> 

<W 
OH NH2 

II 
and inversion of an hydroxy group adjacent and 
trans to an amino group via the N-acetyl-O-mesyl-
ate has been described in the carbohydrate field for 
both glycosides11'12 and nucleosides.13 

Previous reports from this Laboratory have de­
scribed the synthesis in 47% yield of 9-(2-aceta-
mido-2-deoxy-3,4,6-tri - O- acetyl -/3 - D - glucopyrano-
syl) - 6 - dimethylamino - 2 - methylmercaptopurine 
(VI) from chloroacetoglucosamine (III) and chloro-
mercuri-6-dimethylamino- 2 - methylmercaptopurine 
(V).10'14 However, in the present investigation, 
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since it has been shown that reaction of the chloromercuri derivative 
of the latter purine with chloroacetoglucose gives a 7-substituted 
nucleoside, whereas condensation with the derivative of the former 
purine gives a 9-substituted nucleoside.16 I t was assumed that a 
similar course of reaction would obtain with a l-chloro-2-acetamido-
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we have been unable to effect this condensation in 
satisfactory yield. The poor yields may have been 
due to the presence of alkaline impurities in the 
chloromercuripurine (V) batches which were used. 
In any event, since O-benzoyl blocked halogenoses 
have been more satisfactory, at least in certain in­
stances, for nucleoside condensations than the cor­
responding O-acetyl blocked halogenoses,16'17 it 
seemed worthwhile to attempt this condensation 
with an O-benzoyl blocked glucosamine derivative. 

The required halogenose, N-acetyl-3,4,6-tri-0-
benzoyl-1-chloro-a-D-glucosamine (IV), was syn­
thesized from N-anisylidene-D-glucosamine by "the 
procedure reported for the preparation of the cor­
responding tri-O-acetate.10'18 Thus, the N-anisyli-
dene derivative was converted in 81% yield to 1,-
3,4,6-tetra-O-benzoyl-D-glucosamine, which on acid 
hydrolysis followed by N-acetylation gave N-ace-
tyl-l,3,4,6-tetra-0-benzoyl-D-glucosamine in excel­
lent yield. From this latter compound, the de­
sired halogenose IV was then obtained as a crystal­
line product in 45% yield by a titanium tetrachlo­
ride treatment, and in 74% yield by reaction with 
ethereal hydrogen chloride.10 The a-configuration 
for the halogenose is assumed on theoretical 
grounds (the most stable conformational struc­
ture19) and by analogy.10 Condensation of halo­
genose IV with chloromereuri-6-dimethylamino-2-
methylmercaptopurine (V) in refluxing xylene af­
forded the blocked nucleoside VII as a dark gum 
which resisted crystallization. However, removal 
of the benzoyl blocking groups by methoxide-cata-
lyzed methanolysis gave crystalline VIII10 in 52% 
over-all yield for the two steps. 

In order to set the stage for the inversion at C-3 
it was necessary to preferentially block the hy-
droxyls at C-4 and C-6 prior to mesylation of the 
C-3 hydroxyl. This was conveniently achieved 
via the 4,6-O-benzylidene derivative IX which was 
prepared in 66% yield on treatment of VIII with 
bcnzaldehyde and fused zinc chloride. The free 
C-3 hydroxyl was then mesylated in 60% yield. 
Treatment of the resulting mesylate X with so­
dium acetate in refluxing 95% aqueous 2-methoxy-
ethanol resulted in inversion of configuration at C-3 
to give the 2-acetamidoalloside XI in 82% yield. 
This inversion presumably takes place by way of 
an oxazoline intermediate which is formed on dis­
placement of the 3-mesyloxy group by the neigh­
boring 2-acetamido group.11 That an alloside ac­
tually is obtained is assumed on the basis of anal-
ogy11_ls and from the fact that the tri-O-acetate 
XIV (see below) derived from this product is dif­
ferent from the corresponding derivative (VI) of 2-
acetamidoglucose. 

With the development of the 2-aminoalloside 
structure, all that was required for completion of 
glucose derivative. However, it may be noted that chloromercuri-6-
dimethy'aminopurine does react with certain sugars to give 9-sub-
stituted purines.T*1B 
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the synthesis of II was the removal of the various 
blocking groups. As will be seen below, the N-
acetyl and the O-blocking groups were hydrolyzed 
without difficulty. However, removal of the 2-
methyhnercapto group by a Raney nickel desulfuri-
zation treatment was troublesome. On the basis of 
preliminary experiments, it was thought that a 
major difficulty resulted from the essentially ir­
reversible adsorption of the nucleoside on the Raney 
nickel. Since it was possible that this adsorption 
took place by an interaction of the free hydroxy 
groups with the nickel, it was reasonable to antici­
pate that this effect might be minimized with an 
O-acyl blocked derivative. Therefore, the tri-O-
acetate XIV was prepared from XI by 3-O-acetyla-
tion to produce XII in 77% yield, followed by cleav­
age of the benzylidene group with dilute acid to 
give XIII as a non-crystallizable gum and finally 
4,6-di-O-acetylation (57% for the last two steps). 

Raney nickel treatment of tri-O-acetate XIV by 
the usual procedure10 gave a 32% yield of the desul-
furized product XV. Since any alkali present in 
the Raney nickel preparation could cause hydroly­
sis of the acetate blocking groups, the desulfuriza-
tion was tried in the presence of a carboxylic acid 
resin (Amberlite IRC-50 ion exchange resin) re­
sulting in a 53% yield of XV. As finally worked 
out, this transformation was carried out with Raney 
nickel, which had been partially deactivated by 
heating with refluxing acetone for two hours,20 

and in the presence of the Amberlite IRC-50 resin. 
In this way XV was obtained as a crude glass in 
85% yield. Methoxide-catalyzed de-O-acetylation 
then smoothly afforded the N-acetyl blocked nu­
cleoside XVI in 77% yield. Finally, barium hy­
droxide hydrolvsis produced the desired analog Il 
in 36% yield. 

When tested against a transplanted mammary 
adenocarcinoma of the C3H mouse, II was inactive 
and toxic at a dose of 5 mg. per mouse. 
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Experimental21 

N-Anisylidene-3,4,6-tetra-O-benzoyl-D-glucosamine.—To 
a partial solution of 75 g. of N-anisylidene-D-glucosamine in 
750 cc. of pyridine was added 150 cc. of benzoyl chloride 
portionwise and with swirling. The resulting solution was 
heated on the steam-bath for 2 hours, then poured into 2400 
cc. of ice-water. A gum separated and the water was de­
canted. Upon trituration with 1000 cc. of water, the gum 
crystallized. The crystals were collected and washed twice 
with 500-cc. portions of water; yield 155.8 g. (81%) of 
white crystals, m.p. 168-170° dec. 

A similar preparation, recrystallized several times from 
toluene, gave white crystals, m.p . 190-191°, [a]24D +59.3° 
( 1 % in chloroform). 

Anal. Calcd. for C12H36NOi0: C, 70.6; H , 4.91; N, 
1.96. Found: C, 70.4; H, 5.18; N, 2.04. 

(20) G. B. Spero, A. V. Mcintosh, Jr., and R. H. Levin, T H I S JOUR­
NAL, 70, 1907 (1948). 

(21) Melting points are uncorrected. 
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P = 6-dimethylamino-2-methylmercaptopurinyl-9; P1 = 6-
dimethylaminopurinyl-9 

1,3,4,6-Tetra-O-benzoyl-D-glucosamine • H C l . - T o a hot 
solution of 1.0 g. of N-anisylidene-D-glucosamine tetra-
benzoate in 5 cc. of acetone was added 1.4 cc. of o N hydro­
chloric acid. The solution was allowed to come to room tem­
perature while crystals were separating. To the mixture was 
added 5 cc. of absolute ether and the mixture was cooled in 
an ice-bath for 30 minutes. The crystals were collected and 
washed with two 5-cc. portions of 1:1 ether-acetone solu­
tion; yield 820 mg. (93%) of white crystals, m.p. 200-201° 
dec. 

Anal. Calcd. for C3 4H2 9NO9-HCl: C, 64.5; H, 4.75; 
N, 2.22. Found: C, 64.1; H, 4.76; N, 2.35. 

N-Acetyl-1,3,4,6-tetra-O-benzoyl-D-glucosamine.—To a 
mixture of 500 mg. of tetrabenzoylglucosamine- HCl, 2.0 cc. 
of pyridine and 0.5 cc. of acetic anhydride was added 75 mg. 

of anhydrous sodium acetate with stirring. Solution was 
practically complete. The solution was allowed to stand for 
20 minutes. After the addition of 20 cc. of water, the solu­
tion was stirred for 10 minutes and then extracted with two 
15-cc. portions of chloroform. The combined extracts were 
washed successively with excess saturated sodium bicar­
bonate solution, water, and two 10-cc. portions of 1% hydro­
chloric acid. The organic solution was dried with magne­
sium sulfate and evaporated under reduced pressure. The 
450 mg. (89%) of residual colorless glass was analvzed; 
[a]"D - 1 9 . 3 ° ( 2 % in chloroform). 

Aiial. Calcd. for C56H31NOi0: C, 67.8; H, 4.94; N, 
2.20. Found: C, 67.8; H, 5.17; N, 2.42. 

N-Acetyl-3,4,6-tri-0-benzoyl-l-chloro-a-D-glucosamine 
(IV) was prepared by two methods.10 

(A) To a solution of 11.0 g. of N-acetylglucosamine 
tetrabenzoate in 70 cc. of chloroform was added a solution of 
1.98 cc. of titanium tetrachloride in 10 cc. of chloroform. 
A yellow precipitate was formed immediately but this went 
into solution during 3.5 hours refluxing. The solution was 
cooled in an ice-bath and washed with two 15-cc. portions of 
ice-water and two 15-cc. portions of ice-cold, saturated so­
dium bicarbonate solution. The chloroform solution was 
dried over magnesium sulfate and the solvent was removed 
under reduced pressure at a bath temperature not exceeding 
50°. The 8.9 g. of residual amber gum was dissolved in 25 
cc. of absolute ether and kept at 5° for 3 days. The result­
ant crystals were collected and washed with two 10-cc. 
portions of absolute ether; yield 4.3 g. (45%), m.p. 128-
130°. 

(B) A solution of 137 g. of N-acetylglucosamine tetra­
benzoate, dissolved in 137 cc. of acetyl chloride, was cooled 
to 3° and added to a cold (3°) solution of 1370 cc. of satu­
rated ethereal hydrogen chloride. The solution was protected 
with a calcium chloride drying tube and kept at 3° for 4 
days. The crystals that formed were removed under anhy­
drous conditions and the filtrate was immediately returned 
to the cold-room (3 °). The crystalline material was washed 
with two50-cc. portions of absolute ether, and 23.6 g. (20%) 
of white crystals, m.p. 126-127° d e c , were obtained. Addi­
tional crops were removed on the eleventh and nineteenth 
days to bring the total yield to 86.5 g. (73.5%). Satisfactory 
analyses could not be obtained. 

9-(2-Acetamido-2-deoxy-5-D-glucopyranosyl)-6-dimethyl-
amino-2-methylmercaptopurine (VTII).—A mixture of thor­
oughly washed Celite22 diatomaceous earth mix weighing 
52.2 g. and containing 32.6 g. of the chloromercuri salt (V) 
of 2-methylmercapto-6-dimethylaminopurine and 1500 cc. 
of reagent toluene was stirred and heated while 250 cc. of 
toluene was distilled ofi.9 The mixture was stirred and 
azeotropically refluxed under a constant water separator for 
2 hours. The mixture was cooled to approximately 60°, 
and 40.5 g. of N-acetyl-3,4,6-tri-0-benzoyl-l-chloro-a-D-
glucosamine (IV) was added. The mixture was stirred and 
refluxed for 20 hours and then filtered hot. The filter-cake 
was washed with chloroform until the washings were clear. 
The filtrate was evaporated under reduced pressure and the 
residue was shaken with a mixture of 500 cc. of chloroform 
and 250 cc. of 30% aqueous potassium iodide solution. The 
chloroform layer was separated, dried over magnesium sul­
fate, and evaporated to dryness under reduced pressure leav­
ing a dark gum weighing 60 g. This crude condensation 
product (VII) was dissolved in 500 cc. of absolute methanol 
and 40 cc. of 1 N sodium methoxide was added. The solution 
was then refluxed for 30 minutes during which time its alka­
linity was checked and maintained. The solution was eyap -
orated to dryness under reduced pressure and the residue 
dissolved in 50 cc. of methanol. After chilling for 3 days, 
the precipitated solids were filtered and washed with two 15-
cc. portions of methanol; yield 15.7 g. (52%) of tan crystals, 
m.p. 234-236° dec. This product was identical by^ mixed 
melting point and infrared comparison with the material pre­
pared10 via the tri-O-acetate I I I . 

9-(2-Acetamido-2-deoxy-4,6-0-benzylidene-(3-D-glucopy-
ranosyl)-6-dimethylamino-2-methylmercaptopurine(IX).—A 
mixture of 15.7 g. of 9-(2-acctamido-2-deoxy-/3-D-glucopy-
ranosyl)-6-dimethylamino-2-methylmercaptopurine (VIII) 
and 28.4 g. of freshly fused zinc chloride in 142 cc. of benz-
aldehyde was shaken for 20 hours, solution being complete 
in about 5 minutes. The solution was poured into 2000 cc. 

(22) Cel i te , a p roduc t of t he J o h n s - M a n v i U e Corpora t ion , is t he 
t r a d e m a r k for d i a tomaceous e a r t h . 



208 FRANCIS J. MCEVOY, AIARTIN J. WEISS AND B. R. BAKKR Vol. 82 

of absolute ether with stirring. The precipitated white solid 
was collected under anhydrous conditions and washed with 
absolute ether. The partially dried solid was dissolved in 
1000 cc. of 2-methoxyethanol and 96.5 cc. of 10% sodium 
hydroxide was added. After standing at room temperature 
for 10 minutes, the solution was neutralized (phenolphtha-
lein) with carbon dioxide gas. The solution was filtered 
from some white solid which was washed with two 80-cc. 
portions of hot 2-methoxyethanol. The combined nitrate 
and washings were evaporated to a semi-solid under reduced 
pressure. The residue was partially dissolved in 100 cc. of 
2-methoxyethanol and 500 cc. of water was added with stir­
ring. The product was collected and washed with two 80-cc. 
portions of 1:5 2-methoxyethanol-water to give 12.6 g. 
(66%) of tan crystals, m.p . 254-255° dec. 

A similar preparation was recrystallized from ethyl ace­
tate-heptane to give white crystals, m.p. 264-265° d e c , 
H 24D +20.9° ( 1 % in chloroform). 

Anal. Calcd. for C2SH28N6O6S: C, 55.4; H, 5.6; X, 
16.8. Found: C, 56.3; H, 5.13; N, 16.6. 

9-(2-Acetamido-2-deoxy-4,6-0-benzylidene-3-0-mesyl-/3-
D-glucopyranosyl) - 6 - dimethylamino - 2 - methylmercaptopu-
rine (X).—To a solution of 7.1 g. of 9-(2-acetamido-2-deoxy-
4,6-0-benzylidene-/3-D -glucopyranosyl) -6 -dimethylamino -2-
methylmercaptopurine ( IX) in 71 cc. of pyridine was added 
dropwise 2.5 cc. of methanesulfonyl chloride. The solution 
was protected with a calcium chloride drying tube and 
heated at 50-52° for 20 hours. The solution was poured into 
285 cc. of ice-water with stirring, and the aqueous solution 
was extracted with two 250-cc. portions of chloroform. The 
combined extracts, dried over magnesium sulfate, were evap­
orated to dryness under reduced pressure. Trituration 
with 100 cc. of absolute ethanol yielded 4.9 g. (60%) of 
gray powder, m.p. 201-202° dec. 

A similar preparation, on recrystallization from absolute 
ethanol, gave white crystals, m.p. 201-202° dec. 

Anal. Calcd. for C24H30X6O7S2: C, 49.8; H, 5.19; X, 
14.5; S, 11.1. Found: C, 49.6; H, 5.46; N, 14.5; S, 
11.0. 

9-(2-Acetamido-2-deoxy-4,6-0-benzylidene-/3-D-allopy-
ranosyl )-6-dimethylamino-2-methylmercaptopurine (XI).— 
A solution of 375 cc. of 9 5 % aqueous 2-methoxyethanol con­
taining 15.7 g. of anhydrous sodium acetate and 6.3 g. of 9-
(2-acetamido-2-deoxy-4,6-0-benzylidene-3-0-mesyl-/3-D-glu­
copyranosyl) - 6 - dimethylamino - 2 - methylmercaptopurine 
(X) was refluxed for 20 hours. The solution was evaporated 
to dryness under reduced pressure and the residue dissolved 
in a mixture of 140 cc. of water and 280 cc. of chloroform. 
The organic solution was separated and washed with 140 cc. 
of water. The chloroform solution was dried with magne­
sium sulfate and evaporated to dryness under reduced pres­
sure leaving a gum mixed with crystals. The residue was 
heated on the steam-bath with 50 cc. of toluene, then chilled 
in an ice-bath for 30 minutes. The product was washed with 
two 10-cc. portions of toluene to give 4.4 g. (82%) of white 
crystals, m.p. 229-231° dec. 

A similar preparation was recrystallized from methanol to 
give white crystals, m.p. 239-240° dec. 

Anal. Calcd. for C23H28N6O5S: C, 55.2; H, 5.60; N, 
16.8. Found: C, 54.6; H, 5.96; N, 17.1 

9-(2-Acetamido-2-deoxy-3-0-acetyl-4,6-0-benzylidene-/3-
D-allopyranosyl )-6- dimethylamino - 2 - methylmercaptopurine 
(XII).—To a solution of 180 mg. of 9-(2-acetamido-2-deoxy-
4,6-O-benzylidene- /3-D - allopyranosyl) - 6 - dimethylamino -2-
methylmercaptopurine (XI) in 1.8 cc. of pyridine was added 
1.8 cc. of acetic anhydride. The solution was heated on the 
steam-bath for 90 minutes and then poured into 18 cc. of 
ice-water. The aqueous solution was extracted with two 
10-cc. portions of chloroform, and the combined extracts, 
dried with magnesium sulfate, were evaporated to dryness 
under reduced pressure. The residue was twice evaporated 
under reduced pressure with 10-cc portions of toluene. The 
residual glass was crystallized from ethyl acetate-petroleum 
ether yielding 150 mg. (77%) of white crystals, m.p. 197-
207° d e c Several recrystallizations from the same solvent 
mixture raised the melting point to 204-205° dec. 

Anal. Calcd. for C26H30N6O6S: C, 55.4; H, 5.54; X, 
15.5. Found: C, 54.8; H, 5.80; X, 15.3. 

9-(2-Acetamido-2-deoxy-3-0-acetyl-/3-D-allopyranosyl)-6-
dimethylamino-2-methylmercaptopurine (XIII).—A solution 

f .500 mg. of 9 - (2 -ace tamido-2-deoxy-3-0-ace tv l -4 ,6 -0 -

benzylidene-^-D-allopyranosyl )-6-dimethylamino-2-methyl­
mercaptopurine (XII) in 25 cc. of 9 5 % methanol (contain­
ing 0.5% hydrochloric acid) was refluxed for 30 minutes. 
When the solution was evaporated to dryness in vacuo, 
there remained a tan glass, weighing 400 mg. (96%), which 
could not be crystallized. 

9-(2-Acetamido-2-deoxy-3,4,6-tri-0-acetyl-/3-D-alIopyrano-
syl) - 6 - dimethylamino - 2 - methylmercaptopurine (XIV).— 
To a solution containing 350 mg. of 9-(2-acetamido-2-
deoxy -3 -O -acetyl -/3-D - allopyranosyl) - 6 - dimethylamino - 2-
methylmercaptopurine(XIII)in3.5cc. of pyridine was added, 
3.5 cc. of acetic anhydride. The solution was heated on the 
steam-bath for 75 minutes, then cooled and stirred with 20 
c c of water for 15 minutes. The aqueous solution was ex­
tracted with two 15-cc. portions of chloroform. The com­
bined extracts were dried with magnesium sulfate and evap­
orated to dryness under reduced pressure. The evapora­
tion was repeated twice with 10-cc. portions oi toluene, and 
the residual gum was crystallized from ethyl acetate to yield 
l00 mg. of white crystals, m.p. 197-198°. 

Anal. Calcd. for C22H30N6O8S: C, 49.0; H, 5.57; X, 
15.6. Found: C, 48.8; H, 5.84; N, 15.0. 

9-(2-Acetamido-2-deoxy-3,4,6-tri-0-acetyl-/3-D-allopyrano-
syl)-6-dimethylaminopurine (XV).—Maximum yields in 
the desulfurization reaction were obtained using a de­
activated Raney nickel catalyst and a carboxylic acid resin. 

(A) Deactivated Raney Nickel Catalyst.20—A mixture of 
35 teaspoonfuls of Raney nickel (W-2) and 600 cc. of acetone 
was refluxed and stirred for 2 hours. The mixture was cen-
trifuged and the acetone decanted. The nickel was slurried 
3 times with 300-ec. portions of absolute ethanol, centrifug-
ing and decanting the supernatant liquid each time. The 
deactivated nickel was then stored under absolute ethanol. 

(B) Carboxylic Acid Resin.—Amberlite IRC-50 ion ex­
change resin (H)2 3 was washed successively with 2 N hydro­
chloric acid, water, and absolute ethanol. The resin was 
then air-dried for 18 hours. 

(C) Desulfurization.—A mixture of 32 g. of dry resin 
and 32 teaspoonfuls of deactivated Raney nickel in 50 c c of 
absolute ethanol was stirred at room temperature for 10 
minutes. To this mixture was added a solution of 16.0 g. of 
9-(2-acetamido-2-deoxy-3,4,6-tri -O-acetyl -/3 - D-allopyrano-
syl)-6-dimethyIamino-2-methylmercaptopurine (XIV) in 
1600 cc, of absolute ethanol. The reaction mixture was stirred 
and refluxed and the progress of the desulfurization was 
followed by noting the ultraviolet absorption of samples 
removed from the reaction mixture. The ratio of the inten­
sity of absorption at 275 m,u to the intensity at 250 mjj should 
approach a value of 5.4 as the methylmercapto group is re­
moved. In practice, the ratio of the extinction coefficients 
readied a value of 3.8 and became constant after one hour 
refluxing. The solution was filtered hot and the filter-cake 
washed with 500 cc. of hot ethanol. The combined filtrate 
and washings were evaporated to dryness under reduced 
pressure leaving a white glass weighing 12.5 g. (85%) which 
could not be crystallized. 

9-( 2-Acetamido-2-deoxy-/3-D-allopyranosyl )-6-dimethyl-
aminopurine (XVI).—A solution of 12.5 g. of 9-(2-acetamido-
2 -deoxy -3,4,6 -tri -0 -acetyl -/3 -D -allopyranosyl) -6 - dimethy 1-
aminopurine (XV) in 250 cc. of hot methanol and 2.7 c c of 1 
N sodium methoxide was refluxed for 30 minutes. The solu­
tion was evaporated to dryness under reduced pressure. The 
residue was crystallized by dissolving in 137 cc. of hot meth­
anol and adding 690 cc. of hot heptane. A first crop of 3.6 g. 
of white crystals, m.p. 262-263° d e c , was obtained when the 
solution reached room temperature. The filtrate on stand­
ing at 3° for 3 days produced a second crop weighing 3.2 g., 
m.p. 263-264° dec. A small third crop raised the total yield 
to 7.1 g. (77%). A similar preparation was analyzed. 

Anal. Calcd. for C16H22X6O6-1AH2O: C, 48.0; H, 6.17; 
N, 22.11. Found: C, 47.9; H, 5.90; N, 21.84. 

9-(2-Amino-2-deoxy-/3-D-allopyranosyl)-6-dimethylamino-
purine (II).—A solution of 1.00 g. of 9-(2-acetamido-2-deoxy-
3-D-allopyranosyl)-6-dimethylaminopurine (XVI) in 100 c c 
of saturated aqueous barium hydroxide solution was heated 
on the steam-bath for 20 hours. The solution was cooled, 
saturated with carbon dioxide gas and filtered. The filtrate 
on evaporation to dryness under reduced pressure left an 
amber gum weighing 681 mg. The gum was dissolved in 1:1 
methanol-water solution and placed on an Amberlite IRC-

(2;J) Amberlite IRC-50 is the trademark of Rohm and Haas Co. 
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50 [H form] resin column.24 The column was washed with 
1:1 methanol-water mixture until the washes showed mini­
mal absorption in the 274 m/i region. The column was then 
eluted with a 2 TV ammonium hydroxide in 1:1 methanol-
water solution, and the product was obtained by evaporation 
of the ammoniacal eluates under reduced pressure to yield 
360 mg. (41%) of a white glass. Trituration of this glass 
with 10 cc. of ethyl acetate produced a white, amorphous 
solid weighing 320 mg., [a]24D - 5 ° (0.58% in MeOH). 

(24) B. R. Baker, E. E. Schaub and H. M. Kissman, T H I S JOURNAL, 
77, 5911 (1953). 

Anal. Calcd. for C13H20K6O4-1AH2O: C, 46.83; H, 
6.35; N, 25.21; H2O, 2.70. Found: C, 46.90; H, 6.64; N, 
25.15; H2O, 2.86. 

Crystallization and recrystallization from methanol (acti­
vated charcoal) gave material melting at 260-261°, [a] 25D 
- 1 6 . 8 ° (1 .01% in H2O). 

Anal. Calcd. for C13H20X6O4: C, 48.14; H, 6.22; N, 
25.91. Found: C, 48.19; H, 6.40; N, 25.78. 

PEARL RIVER, N. Y. 

[CONTRIBUTION FROM THE ORGANIC CHEMICAL RESEARCH SECTION, LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID 
CO.] 

Studies on the Synthesis of 9-(2-Amino-2-deoxy-l8-D-ribofuranosyl)-6-dimethylamino-
purine, an Analog of the Aminonucleoside Derived from Puromycin 

BY FRANCIS J. MCEVOY, B. R. BAKER AND MARTIN J. WEISS 

RECEIVED J U N E 9, 1959 

The synthesis of the subject nucleoside (II) was undertaken by a 14-step synthesis from methyl 3-amino-3-deoxy-4,6-
O-benzylidene-a-D-altropyranoside (III) which is available in quantity from methyl a-D-glucopyranoside. Despite intensive 
efforts, II could not be obtained in crystalline form. However, the immediate precursor of II , compound XVII I , was 
crystalline and of unequivocal structure. 

Analogs of the aminonucleoside I derived from 
the antibiotic puromycin1 are of interest because of 
the antitumor2 and trypanocidal3 activities of I. 
Among the analogs of I, wherein the aminosugar 
moiety has been varied, and which have been pre­
pared in our laboratory, are the 9-/3,3-aminoarabino-
furanosyl,4 3-arninoxylofuranosyl,s 5-aminoriboiu-
ranosyl,6 2-aminoallopyranosyl7 and 3-aminoallo-
pyranosyl8 derivatives of 6-dimethylaminopurine. 
This paper describes our efforts to prepare 9-(2-
amino - 2 - deoxy - /3 - D - ribof uranosy 1) - 6 - dimethy Ia-
minopurine (II). Although these efforts were not 
attended with complete success, since the final 
product could only be obtained as a non-crystalline 
substance of somewhat doubtful purity, it seems 
worthwhile to record our results. 
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(1) For the chemistry of puromycin see B. R. Baker and co-workers, 
THIS JOURNAL, 77, 12 (1955), and preceding papers. 

(2) P. L. Bennett, S. L. Halliday, J. J. Oleson and J. H Williams, 
"Antibiotics Annual 1954-1955," Medical Encyclopedia, Inc., New 
York, N. Y., 1954, pp. 766-769. 

(3) R. I, Hewitt, A. R. Gumble, W. S. Wallace and J. H. Williams, 
Antibiotics and Chemotherapy, 4, 1222 (1954), 

(4) B. R. Baker and R. E. Schaub, T H I S JOURNAL, 77. 5900 (1955). 
(5) R. E. Schaub, M. J. Weiss and B. R. Baker, ibid., 80, 4692 

(1958). 
(6) H. M. Kissman and B. R. Baker, Abstracts of Papers 130th 

Meeting of the A.C.S., Atlantic City, N. J., September, 1956, p. 19D; 
paper in preparation. 

(7) F. J. McEvoy, M. J. Weiss and B. R. Baker, T H I S JOURNAL, 82, 
205 fl960). 

(8) R. E. Schaub and M. J. Weiss, to be reported. 

In principle, the synthesis of II requires the prep­
aration of a properly blocked 2-aminoribose deriva­
tive9 in the furanoid configuration, its conversion 
to a 1-halo sugar and condensation of this halogen -
ose with a suitable chloromercuripurine derivative. 
The previously reported10 methyl 3-amino-3-de-
oxy-4,6-0-benzylidene-a-D-altropyranoside (IH) 
was an attractive starting material since cleavage 
between C-I and C-2 would directly afford the re­
quired 2-aminoribose structure. In addition, rela­
tively substantial quantities of III can be prepared 
in four steps from the cheap and abundant methyl 
a-D-glucopyranoside, 2 kg. of which furnished 800 g. 
of III. 

A convenient procedure for the degradation of a 
hexose to a pentose is the method of MacDonald 
and Fischer which proceeds via the hexose disul-
fone.11 Our initial approach to this problem was 
an attempt to utilize this procedure. When the 
3-aminoaltroside III was shaken with ethyl mercap-
tan and concentrated hydrochloric acid, there was 
obtained the diethyl mercaptal (IV) of 3-aminoal-
trose • HCl. The crude product was acetylated 
with acetic anhydride in pyridine and the resultant 
pentacetate (V) was de-O-acetylated with metha-
nolic sodium methoxide to give the crystalline di­
ethyl mercaptal (VI) of 3-acetamidoaltrose in 35% 
over-all yield from III. Selective N-acylation of IV 
to give VI was not a satisfactory procedure. 

In order to ensure the formation of the desired 
(9) At the time of this investigation the only known 2-amino-2-

deoxypentose was the D-xylose derivative synthesized by Wolfrom 
and Anno [THIS JOURNAL, 75, 1038 (1953)] from glucosamine by 
cleavage of C-G and reduction of the resulting 5-aldehyde. Since 
then Wolfrom, Shafizadeh and Armstrong [ibid., 80, 4885 (1958)1 
have reported the synthesis of a 2-amino-2-deoxypentose which is prob­
ably the L-ribose derivative in view of the work of I.emieux and Chu 
[ibid., 80, 4745 (1958)], 

(10) (a) W. H, Myers and G. J. Robertson, ibid., 66, 8 (1943); 
(b) B. R. Baker and R. K. Schaub, J. Org. Chem., 19, 646 (1954). 

(11) D, L. MacDonald and H. O. L. Fischer, T H I S JOURNAL, 74, 
2087 (1952); Biochim. el Biophys. Ada, 12. 203 (1953). 


